The purpose of this study was to investigate the possibility of a relationship between the severity of obstructive sleep apnea syndrome (OSAS) and adaptive thermogenesis. Daily energy expenditure (DEE) and sleeping metabolic rate (SMR) were measured in apneic and a priori nonapneic subjects who were tested in a whole-body indirect calorimetry chamber for 24 h. The apneic patients were diagnosed by nocturnal home oximetry to determine the percentage of total recording time spent below 90% arterial oxygen saturation (% TRT o90% SaO 2 ). Reference equations established from body weight and age in nonapneic subjects were used to predict DEE and SMR in apneic patients. The predicted values of the apneic patients were then compared to their measured values. No significant difference was found between predicted and measured values in SMR nor in DEE. We observed a significant relationship between the severity of nocturnal desaturation and the difference between predicted and measured DEE in apneic patients (r ¼ À0.74, Po0.05) and a similar negative trend with SMR (r ¼ À0.65, P ¼ 0.08). These preliminary data suggest that a nocturnal hypoxia may influence adaptive thermogenesis in apneic patients and complicate their body weight regulation.
Introduction
Obstructive sleep apnea syndrome (OSAS) is associated with obesity, 1,2 metabolic disorders, [3] [4] [5] hypertension, 2, 6 and cardiovascular abnormalities. 7, 8 Weight loss is generally difficult to achieve in obese individuals and seems to be even more difficult to obtain in sleep apneic patients. Accordingly, some studies found a greater propensity of apneic individuals toward weight gain. [9] [10] [11] Phillips et al. 9, 10 showed that patients had gained 5.2-7.4 kg during the year preceding the OSAS diagnosis compared to control subjects who had displayed a small weight variation (À0.5 to 0.5 kg).
Traviss et al. 11 also found important reported weight gain in 84% of their apneic subjects following the onset of symptoms. This is consistent with the observation that a treatment based on continuous positive airway pressure (CPAP) for 6 months decreased body weight in some subjects, and visceral fat deposition even in subjects who did not lose weight. 5 Moreover, when ventilation was stabilized with a CPAP treatment, some metabolic disorders were attenuated or normalized 5, 10, [12] [13] [14] and this might contribute to facilitate body weight regulation. OSAS is recognized as a chronic condition characterized by overnight recurrent episodes of reduction or complete cessation of ventilation leading to hypoxia and hypercapnia 15 and consequently, an increase in sympathetic activity. 16 Oxygen desaturation may be sufficiently severe to promote important metabolic changes which can be reversed by a CPAP treatment. The decrease in oxygen availability in OSAS has the potential to jeopardize body homeostasis and life if a rapid physiological reaction cannot reverse this process. Apnea resumes with the abrupt increase in upper airway muscles activity that occurs with arousal from sleep. Moreover, these effects, for example the overnight sympathetic overactivity, may ultimately result in resistance in some regulatory processes and affect the control of thermogenesis. The present study was designed to examine the possibility of a relationship between the severity of OSAS and adaptive thermogenesis. Adaptive thermogenesis represents the fraction of resting or daily energy expenditure (DEE) which is not predicted by body weight or its components (FM and FFM) and which can increase or decrease depending on the nutritional status of the body. It could also be defined as a non-obligatory thermogenesis which is affected by some hormones and neurosystems as well as by some environmental factors such as pollution. 17 In this regard, the main factor of this study is OSAS which is also susceptible to influence this adaptive component of energy expenditure. We hypothesized that an hypoxic stress that is sufficiently severe may promote a decreased adaptive thermogenesis in apneic patients. To investigate this issue, we measured DEE in apneic patients and compared their values to predicted values obtained in an a priori nonapneic population. This difference between measured and predicted values, as an indicator of adaptive thermogenesis, was then associated with the severity of nocturnal desaturation.
Subjects and methods
Eight sleep apneic patients (five men and three women) and 86 a priori nonapneic subjects (58 men and 28 women) were included in the study. Mean age of apneic and control groups was 51.477.9 and 40.2712.4 years, respectively (P ¼ 0.01). All subjects gave their informed written consent to participate in this study that was approved by the Laval University Ethics Committee. A priori nonapneic subjects were used as a reference group to establish an equation predicting DEE from body weight and the same procedure was performed to predict sleeping metabolic rate (SMR). In the reference group, body weight was normally distributed and ranged from 47.5-146.1 kg. All subjects were tested for 24 h in the whole-body indirect calorimetry chamber at Laval University to measure DEE, as described previously. 18 SMR was also measured in the chamber and was determined as the mean of the two consecutive hours of the night when the subject had the lowest oxygen consumption. This value was then extrapolated over 24 h. Thus, DEE represented the mean score of measured energy expenditure over 24 h, whereas SMR was extrapolated over the same period of time. To predict daily energy intake of each subject, we measured resting metabolic rate (RMR) the day before the stay in the calorimetric chamber. RMR was then extrapolated over 24 h and the obtained value was multiplied by a physical activity factor corresponding to the sedentary profile within the chamber.
During their stay in the calorimetric chamber, apneic and nonapneic subjects were tested with a daily energy intake slightly above their DEE. Indeed, although both groups were tested under conditions of theoretical energy balance, a posteriori measurements revealed a small positive energy balance that was comparable in apneic and nonapneic groups (59.37217.4 and 73.77217.1 kcal/day, respectively (248.27910 and 308.57908.8 kJ/day)). Apneic patients were diagnosed by continuous nocturnal home oximetry and had never been treated for OSAS. The severity of OSAS was evaluated by the percentage of total recording time spent below 90% arterial oxygen saturation (% TRT o90% SaO 2 ) and oxygen desaturation index (ODI). ODI was calculated as the total number of transient desaturating events (SaO 2 fall X3% from baseline for less than 1 min followed by rapid return to baseline SaO 2 ) per hour (events/h) of recording. Mean DEE of patients with OSAS was not different from the predicted value (Table 1) . However, to ascertain that lean subjects in the reference group did not bias the prediction equation, we repeated all analyses excluding subjects weighing less than 60 kg and this did not change the results. In contrast with this result, Stenlof et al.
Statistical analysis
19 measured 24-h energy expenditure in a respiratory chamber and they compared severe OSAS patients to individuals displaying a less severe form of the syndrome. They found that DEE was greater in the former than in the latter group and, despite the absence of a control group of subjects without apnea, the authors concluded that OSAS is associated with an increased level of DEE. When we repeated the same statistical procedure with SMR as the dependent variable and body weight and age as the predicting variables (r 2 ¼ 0.69, Po0.0001), we found no significant difference between measured and predicted values in the apneic group (Table 1) . This result is also in contrast with the findings of Lin et al., 20 who observed an increased level of EE during sleep and a subsequent fall of this level in those who responded successfully to a treatment by laser-assisted uvulopalatoplasty. In their protocol, Lin et al. 20 measured overnight EE by using a ventilated hood to collect expiratory gases. Stenlof et al. 19 had also demonstrated results similar to those of Lin et al. They observed a greater overnight EE in their apneic patients than in those displaying a less severe form of OSAS. In addition, a reduced sleep EE was found after a 3-month CPAP treatment. In general, experimental data 21, 22 tend to show that a low level of standardized resting EE predicts long-term weight gain. Thus, a deduction from the results of the above referenced studies 19, 20 might lead one to infer that OSAS patients are at low risk for weight gain. However, recent studies lead to the opposite conclusion since a high propensity of the apneic individuals toward weight gain was found in the year preceding the OSAS diagnosis 9,10 or since symptom onset. 11 This apparent paradox requires a more detailed characterization of the energy expenditure profile of apneic patients.
In this regard, we found a significant negative correlation between the severity of nocturnal desaturation (% TRT o90% SaO 2 ) and the difference between predicted and measured DEE in the apneic group (r ¼ À0.74, P ¼ 0.037, Figure 1a ). This correlation remained significant after adjustment for age. We also found a similar negative trend with SMR, after the same statistical adjustment (r ¼ À0.65, P ¼ 0.08, Figure 1b) . These associations tend to demonstrate a potential role of a decrease in oxygen availability at night in variations of thermogenesis in apneic patients. The mechanism underlying this phenomenon currently remains unexplained although it might be realistic to postulate that progressive resistance in beta adrenergic stimulation occurs with the increase in the severity of the oxygen desaturation and the resulting increase in sympathetic activity.
This observation is important since adaptive thermogenesis has been described as a component of energy expenditure whose variations are related to fluctuations in body weight. 23 This may mean that even if an obese apneic individual displays a high level of energy expenditure, 19, 20 the lower than predicted value might be related to a greater difficulty to match energy intake and expenditure over time. This explanation might also help explaining why weight gain is generally observed in apneic subjects 9,10 at a time when their energy expenditure is suspected to be high. 19, 20 Obstructive sleep apnea and adaptive thermogenesis J Hins et al
